Introduction
Moving-boundary measurements date back to the nineteenth century. ~ The two-salt boun&.ry was analyzed in i900 by the mathematician Weber. 2 In 1910 the chemist Le,:"fs 3 presented an analysis which corrected for the boundary movement caused by the electrode reaction. His 'equation was thought to be restricted to dilute solutions 1 until Bearman 4 , in 1962, showed that it actually applies to systems in which the partial molal volumes are constant through the boundary--a slightly less strin-. . i.
(1 ) 
XBL679-5222 where ~i is the electrochemical potential. These equations are discussed in detail by Newman. 6 When the motion of the ions is referred (4 ) to the solvent motion, the definition of the transference number becomes
Equations (1) In equations (6) and (7) Substitution of equation (9) into equation (6) with elimination of t+ (here 'ion 2 is the cation reacting at the electrode) by means of equation (7) yields 7 (11) where V is the volume through which the boundary moves when current I is passed for time t.
For equation (11) to be fruitfully applied to a system, equation ( . to either €l in the" anode chamber or €2 across the concentration boundary, whichever is larger.
If the initially prepared following solution is of higher concentration than that required by the Kohlrausch relation, one can, with little error, approximate € by €1+E2 and take c to be the initially prepared concentration (rather than the lowest concentration of solution B present).
The value €2 due to the Kohlrausch adjustment must be e~perimentally minimized or measured. The part El due to the electrode reaction can be calculated from one of theIDllowing approximate equations: 7 For a uniform concentration in the anode chamber (an unlikely situa-
where U is the volume of the anode chamber. ber t_ of 0.5, a ~nematic viscosity v of 10 cm 2 /sec, and a gravitational acceleration g of l03cm/sec2.
For a horizontal electrode, where in the latter' expression A is in cm 2 , I is in rnA,V is in cm 3 , ' e c is in moles/£, and the value t_ = 0.5 has been assumed.
Discussion
Equations (6) and (7) are exact relationships describing the twosalt boundary. Equation (11) , relating the transference number to the experimentally measured quantities, depends additionally only on the very good approximation of a linear concentration dependence of the density of solution B over the range of concentrations encountered between the electrode and the two-salt boundary.
For the system being analyzed, the equation of the type derived by It can be . shown 7 In the derivation of equation (11), it was assumed that ion 2 is the cation reacting at the electrode. If, on the other hand, the common ion 3 is positive, equation (11) .J
ion. 'If the electrode operates as a cathode" €l should be taken to be negative.
The analysis treats an electrode involving metal dissolution or .
deposition. The analysis can be modified to treat other cases with well-defined volume changes at the electrode.
The transference number of the leading ion can always be determined more accurately than that of the following ion, since the concentration is known. The transference number of.the following ion can be calculated from equation (8) if· the concent'ration difference across the concen-.
tration boundary is determined, say, in the manner of Longsworth. 11 The uncertainty in the concentration' so determined must be added to the uncertainty in the transference number of the leading ion in order to determine the uncertainty in the following-ion transference number.
Experiment
The transference ntl.'nber of 0.213 ~ NH 4 N0 3 at 25°C was determined -diffusion coefficient for binary interactions, cm 2 / sec •.
e,f,g,h -defined by equations (13) and (14). -current density, amp em • -current, amp.
-defined by equation (12). -range of concentrations of solution B present below 'the two-salt boundary, relative to the lowest concentratton in that range.
-relative concentratlon range in electrode chamber.
-relative concentration change across concentration boundary.
-electrochemical potential of species i, joule/mole.
-kinematic viscosity, cm 2 /sec.
numbers of cations and anions produced by the dissociation of one molceulc of electrolyi:e. P -densily of solution, g/~m3.
Pc -density of electrode me tal,. g/ em 3 .
